Many dark energy models fail to pass the cosmic age test. In this paper, we investigate the cosmic age problem associated with 20 extremely red and massive galaxies at very high redshift from Castro-Rodríguez and Lopez-Corredoira (2012) in the R h = ct Universe. These old galaxies and the R h = ct Universe have not been used to study the cosmic age problem in previous literature. By evaluating the age of the R h = ct Universe with the observational constraints from the Type Ia supernovae, and Hubble parameter, we find that the R h = ct Universe can accommodate the 20 old galaxies and quasar APM 08279+5255 at redshift z = 3.91 at more than 3σ confidence level. So, unlike other cosmological models, the R h = ct Universe does not suffer the cosmic age problem.
I. INTRODUCTION
Many astronomical observations, such as Type Ia supernovae (SNe Ia) [1] [2] [3] , the cosmic microwave background (CMB) [4] [5] [6] and large-scale structure (LSS) [7] , indicate that the Universe is undergoing an accelerated expansion, which suggests that our universe may have an extra component like dark energy. The nature of dark energy is still unknown, but the simplest and most interesting candidate is the cosmological constant model [8] . This model can consist with most of astronomical observations. The latest observation gives that the present cosmic age is about t 0 = 13.82 Gyr in ΛCDM model [6] , but it still suffer from the cosmic age problem [9, 10] . The cosmic age problem is that all objects at any redshift z must be younger than the age of the universe at z. In previous literatures, many cosmological models have been tested by the old quasar APM 08279 + 5255 with age 2.1 ± 0.3 Gyr at z = 3.91 [11, 12] , such as the ΛCDM [11, 13] , Λ(t) model [14] the interacting dark energy models [10] , Chaplygin gas model [15, 16] , holographic dark energy model [17] , braneworld models [18] [19] [20] and conformal gravity model [21] . But all of these models have a serious age problem. The conformal gravity model can only accommodate this quasar at 3σ confidence level [21] .
In this paper, we will use 20 extremely red and massive galaxies at very high redshift [22] to test the conformal gravity model again, and we will find the conformal gravity model can only accommodate these galaxies at 1σ confidence level. Then we will focus on using these galaxies to investigate the cosmic age problem in R h = ct Universe. The 20 extremely red and massive galaxies are selected in the XMM-Large scale structure survey [23] . The age of these galaxies listed in Table 1 are obtained with a synthesis model [23, 24] . We find these galaxies can give stronger constraints on the age of universe than the old quasar APM 08279 + 5255. These old galaxies have not been used to test the cosmic age problem before. The R h = ct Universe is a cosmic model which is closely restricted by the cosmological principle and Weyl's postulate [25] . The gravitational horizon R h is always equals to ct. The R h = ct Universe can fit the SNe Ia data well [26] , explain the growth of high-z quasars [27] , account for the apparent absence in CMB angular correlation [28] . As we discuss above, many cosmological models can not pass the age test. Whether the R h = ct Universe suffers the cosmic age problem in still unknown.
The structure of this paper is as follows. In section 2, we will test the conformal gravity model which Yang et al. have done in 2013 [21] again, but use the 20 extremely red and massive galaxies at very high redshift. And we will give our new result that the conformal gravity model can only accommodate these galaxies at 1σ confidence level. In section 3, we introduce the R h = ct Universe. In section 4, we give the constraint on the R h = ct Universe using SNe Ia, and H(z) data. Then we will test the R h = ct Universe with the 20 extremely red and massive galaxies. Conclusions will be presented in section 5.
II. CONFORMAL GRAVITY MODEL
Conformal gravity (CG) model is a simplified version of the original Weyl's theory and now it always is used to explain the disk galaxies rotation curves without dark matter [29, 30] . And in CG model, the equation about H(z) is:
where Ω Λ is the present dark energy density, Ω k is the present energy density which the spatial curvature constant represents, Ω m is the present energy density of matter, Ω r is the present fractional radiation density. All of these parameter are positive and they have Ω Λ + Ω k − Ω m − Ω r = 1 [30, 31] . So we can find the difference between Eq.
(1) and the standard Friedmann equation (
r )) is that the negative sign in front of the matter parameter Ω m and Ω r . he deceleration parameter q = −ä ȧ a 2 = − Ωm 2 − Ω r − Ω Λ is always positive, so the expansion of universe always accelerate.
We use the same method as Yang et al. in [21] , and find the conformal gravity model can only accommodate these galaxies, especially the galaxy named 14598 * with age is 2.744 Gyr and z = 3.287, at 1σ confidence level if we only use SNe Ia data (see fig. 1 ).
III. THE R h = ct UNIVERSE
The R h = ct Universe is a cosmic model which is closely restricted by the cosmological principle and Weyl's postulate [25, 32] . For a certain age of universe t, there is a limiting observable distance R h (t), which is called cosmic horizon. And any signal beyond cosmic horizon can not be observed by us. It is defined as:
where M (R h ) is the total mass enclosed within R h [25, 33] . From Eq. (2), we can find that cosmic horizon is Schwarzschild radius. If we set the matter density is ρ, then M (R h ) = 4πR 3 h ρ/3, so it yields
The expansion of the universe is calculated from Friedmann equation
where H =ȧ/a is Hubble parameter, a is scale factor, k is the spatial curvature constant and for k = −1, 0 and +1 corresponds an open, flat and closed universe, respectively. If we assume the universe is flat, from Eq.(3) and Eq.(4), we have H = c/R h . For the R h = ct universe, we have R h = ct. We obtain
where t is the age of universe. Solving Eq.(5) with a = 1 1+z and initial condition H = H 0 when z = 0, where H 0 is Hubble constant, we can get
The luminosity distance in the R h = ct Universe is [33] 
where t 0 is the age of the local universe.
IV. OBSERVATIONAL CONSTRAINTS ON THE
In this section, we constrain the R h = ct Universe using the Union 2.1 SNe Ia data [34] and the observed Hubble parameter data H(z). Then we test the model with the 20 extremely red and massive galaxies at very high redshift and the old quasar APM 08279 + 5255 based on the principle that all objects are younger than its local universe.
A. Constrain the R h = ct universe with SNe Ia and H(z) data SNe Ia are considered as the best standard candles to measure distance and investigate the expansion of the universe. The Hubble parameter H(z) reveals the expansion of the universe directly. So we use the SNe Ia and H(z) data to constrain the R h = ct Universe. The Union 2.1 sample contains 580 SNe Ia at redshift less than 1.5 [34] [35] [36] . For each SN Ia, the catalog gives its redshift z i , distance modulus µ obs (z i ) and its corresponding error σ i . The theoretical distance modulus is defined as
We can get theoretical distance modulus µ th (z i ) for each SN Ia from Eq.(7). The χ 2 for SNe Ia is
So χ 2 SN has only one parameter H 0 . We can get the best-fit H 0 by minimize χ 2 SN (see Table 2 ). [26] also found that the R h = ct Universe can well fit the Union 2.1 sample.
The 28 Hubble parameters we use are obtained from previous published literatures [37] [38] [39] [40] [41] [42] [43] . These Hubble parameter data is complied in [44] 
The total χ 2 is χ
. Then we minimize the total χ 2 tot to get the best-fit parameter H 0 of the R h = ct Universe.
From B. Testing the R h = ct universe with old objects
The old objects are usually used to test cosmological models, especial the old high redshift objects [45] (Lima et al. 2009 ). In previous literatures, many cosmological models can not pass the cosmic age test. We use the 20 extremely red and massive galaxies at very high redshift and the old quasar APM 08279 + 5255 to test the R h = ct Universe. We believe the principle that all objects at any redshift z must be younger than the age of the universe at z, i.e., t obj (z) < t cos (z), where t obj (z) is the age of a object at redshift z, and t cos (z) is the age of the universe at redshift z. The age of a flat universe is given as [15] 
From Eq.(6), the age of the R h = ct Universe at redshift z is
We use the best-fit value of Hubble constant H 0 = 66.62±0.22 km s −1 Mpc −1 from SNe Ia data to calculate the age of the universe. From Fig. 2 , we find that the R h = ct Universe accommodates the age of all of the 20 galaxies and the old quasar APM 08279 + 5255 at 3σ confidence level. In Fig. 2 , the redline shows the best fit, and blue lines are 3σ dispersion. Then we use the best-fit value of Hubble constant H 0 = 66.46±0.22 km s −1 Mpc −1 from SNe Ia and Hubble parameter data to test the R h = ct Universe. In Fig. 3 , the redline shows the best fit, and blue lines are 3σ dispersion. We can also find the R h = ct Universe can accommodate the age of all of the 20 galaxies and the old quasar APM 08279 + 5255 at more than 3σ confidence level.
V. CONCLUSIONS
In this paper, we test the cosmic age problem in the R h = ct Universe using 20 extremely red and massive galaxies at very high redshift and the old quasar APM 08279 + 5255. The Hubble constant H 0 is derived from 580 SNe Ia and 28 Hubble parameter data. We find the best-fit value of Hubble constant H 0 = 66.62±0.22 km s −1 Mpc −1 at 1σ confidence level using SNe Ia data. For this result, the age of local R h = ct universe t 0 = 14.68±0.05 Gyr. And if we fit the R h = ct Universe with the SNe Ia and H(z) data, we get the Hubble constant H 0 = 66.46±0.22 km s −1
Mpc
−1 at the 1σ confidence level. The age of local universe is t 0 = 14.72±0.04 Gyr. From Fig. 2 and Fig. 3 , we find that the R h = ct Universe can accommodate the 20 extremely red and massive galaxies at very high redshift and the old quasar APM 08279 + 5255 at more than 3σ confidence level. So unlike other cosmological models, the R h = ct Universe has no cosmic age problem. So the R h = ct Universe is a promising cosmological model. The red line shows the evolution of cosmic age in the R h = ct using the best-fit from SNe Ia, the blue lines are the 3σ deviation (99.7% confidence region). The blue circles are the 20 extremely red and massive galaxies, and the star is the old quasar APM 08279+5255. We can find all the objects are below the lines, which means all the galaxies are younger than the age of the R h = ct Universe. The insert shows the the dispersion and data clearly. 
